Abstract Utilization of bioresources for the synthesis of metal nanoparticles is the latest field in green chemistry. The present work reports the utilization of the aqueous bark extract of Plumbago zeylanica for the biosynthesis of Ag and Au NPs. The Ag and Au NPs thus obtained were characterized by UV-Vis, FT-IR, TEM, XRD, and EDAX analysis. The water-soluble components of the extract were responsible for the reduction of Ag ? and Au 3? ions. FT-IR spectra revealed that the -OH and [C=O groups present in the biomolecules were responsible for reduction and stabilization of nanoparticles. TEM images showed the existence of spherical Ag and Au NPs with average size of 28.47 and 16.89 nm, respectively, which was further substantiated by XRD analysis. The presence of elemental Ag and Au along with C and O from the attached biomolecules was proved by EDAX analysis. The antimicrobial, antioxidant, and in vitro cytotoxic activities of the synthesized nanoparticles were studied by disc diffusion, DPPH, and MTT assay methods, respectively. The free radical inhibition was found to be 78.17 and 87.34 % for Ag and Au nanoparticles, respectively. The Ag and Au NPs showed 61.56 and 65.61 % toxicity against DLA cell line, respectively. The DNA binding ability of Ag and Au NPs were investigated using CT-DNA. The hyperchromism shift inferred the groove binding of nanoparticles with CT-DNA.
Introduction
Nanoscience and nanotechnology, the two current fields of research have strong and beautiful footprints in ancient times. Nano mercury and its sulfide of sizes finer than 10 nm have been used as medicines in India since long back [1] . Silver and copper nanoparticles have been used to produce iridescent metallic effects on ancient ceramic objects [2] . The ancient Vedic rite of Agnihotra has used the nanoparticles to cleanse the environment. In Agnihotra, wood of trees like Butea frondosa (palasa), Mangifera indica (mango), Ficus religiosa (pipal), medicinal herbs, ghee, cloves, cardamom, and camphor are offered to the fire god by throwing them into the fire. This has been reported to fill the atmosphere with nutrients in nano size and medicinal properties, which in turn eliminate pathogenic bacteria or germs [3] . In Ayurvedha, herbo-mineral, and herbo-metallic drugs have been prepared by prolonged heating which significantly reduces the particle size. The medicinal use of colloidal gold (Swarnabhasma) and mercury remain popular till this day and the Swarnabhasmas (gold ash) has been characterized as globular particles of gold with the average size between 56 and 57 nm. It has been used to treat arthiritis, asthma, diabetes, and diseases of nervous system [4] .
Metal and metal oxide nanoparticles have been synthesized using many methods in the past, such as chemical reduction [5] , electrochemical reaction [6] , microwave method [7] , reverse micelles [8] , sonochemical method [9] , and biosynthesis. Biosynthesis of nanoparticles has received great attention recently as the synthesized nanoparticles are non-toxic and can be used for biomedical applications. Different fungi like Fusarium oxysporum [10] , Cladosporium cladosporioides [11] , Fusarium semitactum [12] , plants like Syzygium aromaticum [13] , Medicago sativa [14] , Azadirachta indica [15] , Terminalia cuneata [16] , and Trignellafoenum graecum seeds [17] have been employed to synthesize metal nanoparticles. Recently, sunlight-induced rapid synthesis of silver nanoparticles has been reported by our group [18, 19] . Biosynthesis of silver nanoparticles using bark of Cinnamon zeylanicum [20] , Piper nigrum [21] , Breynia rhamnoides [22] , Avicennia marina [23] , Callicarpa maingayi [24] , Cissus quadrangularis [25] , Artocarpus elasticus [26] , and Saraca indica [27] has also been reported. The use of plant barks for the synthesis of nanoparticles avoids the problems that arise due to seasonal variation of biochemicals in the leaves.
Plumbago zeylanica is a medicinal herb belonging to the family of Plumbaginaceae. It has been used as a remedy for skin diseases, ringworm, leprosy, sores, and ulcers. The root or leaves are used as counter-irritant and vesicant. The powdered bark is used to treat leprosy, spleen and liver diseases and also for plaque [28] . It contains a variety of important chemical compounds, such as naphthaquinones, alkaloids, glycosides, steroids, triterpenoids, tannins, phenolic compounds, flavanoids, saponins, coumarins, and carbohydrates [29, 30] . Plumbagin, 5-hydroxy-2-methyl-1,4-naphthoquinone is the principal active compound of P. zeylanica [31] . In this work, biosynthesis of silver (Ag) and gold (Au) nanoparticles (NPs) was achieved using the bark extract of P. zeylanica. The water-soluble biocomponents in the extract not only act as reductants to reduce Ag ? and Au 3? to Ag o and Au o , respectively, but also stabilize them by attaching onto the nanoparticles. The nanoparticles stabilized by active biomolecules may have the potential to treat various diseases. The results of antimicrobial, antioxidant, in vitro cytotoxicity of Ag and Au NPs and their ability to bind DNA are reported here.
Methods
Preparation of bark extract: the reducing agent P. zeylanica bark was purchased from the local market from Madurai, Tamil Nadu, India. The bark was finely cut, washed with double-distilled water to remove any impurities and air-dried. About 2 g of bark was weighed and boiled for 10 min with 100 mL distilled water in Erlenmeyer flask. After cooling to room temperature, it was filtered through Whatman no. 41 filter paper. The light yellow colored extract (pH 6) was utilized for the synthesis of Ag and Au NPs.
Biosynthesis of Ag and Au NPs
Analar grade silver nitrate (AgNO 3 ) with 99.9 % purity was purchased from Spectrochem, India and 99.999 % pure hydrogen tetrachloroaurate(III) trihydrate (HAuCl 4-3H 2 O) was purchased from Sigma-Aldrich, USA. To prepare AgNPs, about 1 mL of 20-mM AgNO 3 was diluted to 20 mL with double-distilled water and treated with 10 mL of bark extract, and the solution was exposed to bright sunlight. There was a visible color change from pale yellow to brown in 2 min, and this reaction was monitored with time using UV-Vis spectrophotometer. In the case of AuNPs, 5 mL of 1-mM HAuCl 4 was mixed with 5 mL of the extract, and the intensity of pink color was monitored with time using UV-Vis spectrophotometer. In both the cases, 1 mL of the aliquot was diluted to 10 mL with double-distilled water before measuring the absorbance.
Characterization of Ag and Au NPs
UV-Vis spectral analysis and DNA binding studies were performed on a JASCO, V-650 spectrophotometer. FT-IR spectra for the dry powder of bark extract and nanoparticles were recorded in the range 4000-400 cm -1 with Thermo scientific, Nicolet iS5 spectrometer. The size of the nanoparticles was assessed using PHILIPS, CM 200, TEM microscope operated at 200 kV with a resolution of 2.4 Å . The diffraction pattern of nanoparticles was recorded using a PANalytical X'Pert Powder X'Celerator diffractometer, with CuKa monochromatic filter. To ascertain the elemental composition of Ag and Au NPs, energy dispersive X-ray (EDAX) analysis was performed on a JEOL, Model JED-2300 microscope. Ultrasonic probe sonicator, Enertech make, model: ENUP-500A was used to disperse CT-DNA in Tris-HCl buffer solution.
Antimicrobial activity
Kirby-Bauer disc diffusion method was employed to assess the antimicrobial activity of biosynthesized Ag and Au NPs. The bacteria Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis, and Staphylococcus aureus, and the fungi Candida tropicalis and Aspergillus flaves were chosen for study. For disc diffusion method, the bacterial inoculums were standardized to a density equivalent to barium sulfate standard of 0.5 McFarland units and swabbed into petridish of 4 mm depth. About 2 mm loopful of extract, Ag and Au NPs were taken and lowered carefully onto the paper disc. The moistened disc was then placed on the surface of inoculated plate and incubated for 16-18 h at 35-37°C. Netilmicin and fluconazole were used as controls for bacteria and fungi, respectively.
Antioxidant activity
Antioxidant activity of the synthesized Ag and Au NPs was assessed using DPPH assay. From the stock solution of the nanoparticles (1 mg/mL), samples containing 50, 100, 150, and 200 lg were prepared and mixed with 0.1 % DPPH. The reaction mixture was incubated for 30 min at room temperature. When DPPH reacts with any antioxidant, it gets reduced, and the intensity of color decreases; and the decrease in absorbance at 517 nm was recorded, and butylated hydroxytoluene (BHT) was used as a standard control. The experiment was performed in triplicate, and the scavenging activity was calculated as % inhibition according to the following formula, where, A is absorbance.
In vitro cytotoxicity of Ag and Au NPs
Cytotoxic effect was determined by tetrazolium dye (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)-based microtitration assay (MTT assay) against DLA (Dalton Lymphoma Ascites) cell lines. Cells were maintained in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10 % fetal bovine serum (FBS) at 37°C in humidified atmosphere with 5 % CO 2 . The cells were seeded in 96-well flat-bottom tissue culture plates at a density of approximately 1.2 9 10 4 cells per well and were allowed to attach overnight at 37°C. Cells were exposed to plant extract, Ag and Au NPs over a range of concentration for 24 h. After the incubation, medium was discarded; the MTT (10 lL of 5 mg/mL) was added to 100 lL of fresh medium and was incubated for additional 4 h. MTT assay was based on the measurement of the mitochondrial activity of viable cells by the reduction of the tetrazolium salt (MTT) to form a blue water-insoluble product, formazan. After 4 h of incubation, the medium was discarded, and 100 lL of DMSO was added to dissolve the formazan crystals, which were formed by the reduction of tetrazolium salt only by metabolically active cells [32] . The absorbance assay plates were measured at 570 nm in a micro-titer plate reader. Since the absorbance was directly correlated with the number of viable cells, cell survival was calculated by the following formula:
where, A t is the absorbance of sample and A c is the absorbance of control. Percentage cytotoxicity is calculated by the formula: cytotoxicity % = 100 -% viability.
DNA binding studies
In every organism, deoxyribonucleic acid (DNA) is an important genetic substance. The study of interaction of drug and DNA has acquired great significance for designing and synthesizing new drugs targeted at DNA. Presuming biomolecules capped nanoparticles as drug, the ability to bind DNA was investigated. UV-Visible spectral studies were employed to study the binding of Ag and Au NPs with Calf-thymus DNA (CT-DNA). DNA solutions were prepared using the buffer 5 mM Tris-HCl/50 mM NaCl at pH = 7.2 in water and sonicated for 30 cycles, where each cycle consisted of 1 min with 30 s interval; which gave ratio of absorbance at 260 and 280 nm, A260/ A280 as 1.87. This ratio indicates that the DNA was sufficiently free of protein. Absorption spectra were recorded at fixed-concentration Ag and Au NPs for varying concentration of the CT-DNA (2-10 lg/mL) or vice versa. Stock solutions of DNA were stored at 4°C and used in 4 days.
Results and discussion

Parameters influencing the formation of AgNPs
The effect of time, volume of extract, concentration of metal precursors and pH, which influence the formation of AgNPs were studied in detail, and the results are presented here.
Effect of time
The mixture of the extract and silver nitrate solution was exposed to sunlight, and the SPR band was monitored in regular intervals using UV-Vis spectrophotometer. The color of the solution changed from yellow to dark brown in 2 min, the intensity of the color increased with time and finally attained a constant value in 40 min implying that the formation of AgNPs is almost complete (Fig. 1a) . The decrease in peak width and the shift in k max from 426 to 416 nm with time infer that the formation of monodispersed and small-sized nanoparticles, respectively [33] .
Influence of extract volume
To assess the effect of concentration of extract on the formation of AgNPs, the volume was varied from 1 to 15 mL by maintaining the total volume of the reaction mixture as constant (20 mL). The solutions were then exposed to sunlight for 10 min, and the UV-Visible spectra were recorded. The intensity of the SPR band around 449 nm increased with increase in the volume of extract up to 10 mL, accompanied by a blue shift in k max from 449 to 417 nm (Fig. 2a) . This infers that size of nanoparticles decreases with increase in concentration of extract (reducing agent). When the volume of extract exceeds 10 mL, decrease in the absorbance was noticed (Fig. 2b) , maybe due to the aggregation of nanoparticles. Other researchers [34] have also reported this trend in biosynthesis of AgNPs. Narrow peaks were obtained for higher volume of extract implying the formation of smaller sized AgNPs.
Influence of concentration of silver nitrate
To optimize the concentration of AgNO 3 required for the synthesis of stable AgNPs, it was varied from 1 to 10 mM, and after exposing the solutions to sunlight for 10 min, the SPR band was monitored. With increase in concentration of AgNO 3 , there was a red shift in SPR band from 418 to 442 nm (Fig. 3a) indicating the increase of particle size. At further high concentrations (5-8 mM), the metallic silver got deposited on the sides of the flask as the silver mirror and the absorbance of the reaction mixture had decreased consequently (Fig. 3b) . On further increase of Ag ? ion concentration (9 and 10 mM), a black precipitate was obtained, maybe due to formation of Ag 2 O (results not shown).
Effect of pH
The AgNPs were synthesized over a wide pH range (pH 2-11) using 0.1-M sulphuric acid or 0.1-M sodium hydroxide. In acidic pH, large-sized nanoparticles were formed, while in alkaline pH, small-sized nanoparticles were produced, as indicated by blue shift in k max from 420 to 413 nm (Fig. 4a) . In alkaline pH, many functional groups are ionized and are available for reduction and facilitate the formation of small size nanoparticles. The pH of the extract was 6, and stable nanoparticles were formed in this condition, and hence, all experiments were carried out at this pH unless otherwise mentioned.
UV-Visible spectral analysis of AuNPs
The AuNPs synthesized using P. zeylanica were analyzed by UV-Visible spectrophotometer, where SPR band was observed at 542 nm. The formation of AuNPs was so quick; the color of solution turns red with pink tinge within (Fig. 5b) . No appreciable shift in the SPR band was observed with time, and the narrow SPR band indicates the formation of monodispersed AuNPs.
FT-IR studies
FT-IR spectra of Ag and Au NPs were recorded to identify the possible biomolecules responsible for the reduction and capping. The Ag and Au nanosolutions were centrifuged at 13000 rpm for 15 min and air-dried. This dried powder was made as pellets with KBr, and the spectra were recorded. Figure 6 shows the FT-IR spectra of the bark extract, Ag and Au NPs. The spectrum of extract (powder) has peaks at 1063, 1384, and 1631 cm -1
. The AgNPs have peaks at 1033, 1384, and 1615 cm -1 , while AuNPs exhibits peaks at 1032, 1383, and 1602 cm -1 . The main peaks present in the extract are also present in both Ag and Au NPs inferring that the attachment of biomolecules which are present in the extract to nanoparticles.
Different plant parts of P. zeylanica contain naphthaquinones, alkaloids, glycosides, steroids, triterpenoids, tannins, phenolic compounds, flavanoids, coumarins, carbohydrates, saponins, proteins, oils, and fats [29] . Of all the chemical constituents, plumbagin is the principle active compound. Plumbagin (5-hydroxy-2-methyl-1,4-naphthoquinone -C 11 H 8 O 3 ) is primarily present in roots in higher amounts. The structures of plumbagin, glycoside and derivatives of glycoside are represented below [35] . The major water-soluble components present in P. zeylanica extract are glycosides [36] . 
Hydroplumbagin glucoside
HO
The peak at 1631 cm -1 in extract gets shifted to 1615 and 1602 cm -1 in the spectra of Ag and Au NPs, respectively. This peak corresponds to chelated[C=O group [37] , inferring that the binding of biomolecules with the nanoparticles through this group. The peaks at 3424, 3420, and 3384 cm -1 in the spectra of the extract, Ag and Au NPs are due to -OH groups in the biocomponents, and they may be responsible for bioreduction. The peaks near 2912 cm -1 in all the three spectra are due to -C-H stretching of aromatic ring. Further, the peaks at 1033 cm -1 and 1032 cm -1 in the spectra of Ag and Au NPs, respectively, which appears as shoulder in extract, correspond to C-O stretching frequency of biocomponents. These data indicate the involvement of [C=O and -OH functional groups in the reduction and stabilization of nanoparticles.
Mechanism of formation and stabilization of AgNPs
The phytoconstituents like plumbagin and hydroplumbagin glucoside contain many hydroxyl groups. On addition of bark extracts to the AgNO 3 solution, the Ag ? -phytoconstituent complex is formed as an intermediate. The nascent hydrogens produced during this process reduce Ag ? to Ag o followed by coalescence, cluster formation, and growth of clusters, finally yielding AgNPs [38] . The phenolic groups present in the bark extract subsequently undergo oxidation and get converted to their quinone forms. The electrochemical potential difference between Ag ? and phytoconstituents drives the reaction. The formed AgNPs are stabilized through the lone pair of electrons and p electrons of quinone structures (Scheme 1). confirms the crystalline face-centered cubic (fcc) nature, as evidenced by the peaks at 2h values of 37.99°, 64.52°, and 76.69°, which can be indexed to 111, 220, and 311 planes, respectively. AuNPs show similar characteristic peaks of metallic fcc gold (JCPDS: 4-0784) [27] . The particle sizes of Ag and Au NPs were computed by Debye-Scherrer equation from which the average size was found to be 17.26 and 12.84 nm, respectively.
where, k is the Scherrer constant, k is the wavelength of the X-ray, b and h are the half-width of the peak and half of the Bragg angle, respectively.
EDAX analysis
EDAX (Energy Dispersive X-ray) analysis was performed to confirm the elemental form of silver and gold. Figure 10a represents the EDAX profile of AgNPs. The EDAX spectrum shows a strong signal at 3 keV, which corresponds to metallic nanosilver [40] ; peak corresponding to Cl -impurity is also present in the spectrum. There are also weak signals for carbon and oxygen, possibly due to the biocomponents attached to AgNPs. Figure 10b represents EDAX profile of AuNPs, which has strong signals around 2 and 10 keV, which correspond to metallic nanogold [41] . There are also weak signals for carbon and oxygen, indicating capping of AuNPs by biocomponents from the plant extract.
Antimicrobial activity
The AgNPs have desirable activity against Bacillus subtilis (12 mm) and Pseudomonas aeruginosa (11 mm), but the zone of inhibition for Staphylococcus aureus, Candida tropicalis, E.Coli was 8 mm each; for Aspergillus flaves no inhibition was observed (Fig. 11) . The extract and AuNPs have no effect on any of the species.
Antioxidant activity using DPPH assay
Antioxidants protect cells against damaging effects of reactive oxygen species, which can neutralize free radicals before they can do harm and undo some damage already caused to specific cells. Medicinal plants contain many free radical scavenging molecules like phenolic compounds and vitamins. P. zeylanica contains a variety of important chemical compounds and, hence, expected to be a potential antioxidant. DPPH (2,2-diphenyl-1-picrylhydrazyl) assay method was adopted to study the antioxidant activity of the synthesized Ag and Au NPs. Substances which are capable of reducing DPPH free radical are radical scavengers and considered to be antioxidants [42] . DPPH is a stable nitrogen-centered free radical with a purple color. When it reacts with an antioxidant, which can donate an electron to DPPH radical, it changes to a stable compound (DPPH-H) with yellow color [43] . As a consequence, purple color decays can be monitored through UV spectrophotometer at 517 nm. The percentage inhibition of free radicals is presented in Fig. 12 . Free radical scavenging activity increases with increasing the concentration of extract, Ag and Au NPs. At 200 lg/mL concentration, extract inhibits 71.16 % of free radicals, whereas, AuNPs, AgNPs, and standard BHT exhibit 87.34, 78.17, and 74.88 % inhibition, respectively. At this concentration, the antioxidant activity decreases in the order: AuNPs [ AgNPs [ extract [ standard BHT. The results are appreciable when compared with the previous report [44] . The IC 50 values for Au and Ag NPs are higher than standard BHT (Table S1 ). In vitro cytotoxicity against DLA cell line Only live cells reduce the tetrazolium dye but not the dead cells. When MTT is reduced, the quaternary amine is converted into a tertiary amine by opening the tetrazolium ring. A second tertiary amine, which is formed, binds to a hydrogen atom of the quarternary amine. The absorption spectrum of the molecule changes as a result of the displacement of this hydrogen atom at high pH. Subsequently, the cell numbers can be estimated. Thus, absorbance is directly correlated to number of viable cells [45] .
The percentage cell toxicity of extract, Ag and Au NPs, against DLA cell line is given in the Fig. 13 . The data reveal that the increase in concentration of extract increases the toxicity. While comparing the results with other studies, it is obvious that the higher toxicity is observed in aqueous extract, whereas in previous reports, other solvent extracts were found to have higher toxicity [46] . At 150 lg/mL concentration, the extract, Au and Ag NPs exhibit 58.35, 61.56, and 65.61 % toxicity, respectively (Table S2) . One interesting observation is that the extract itself shows considerable toxicity against DLA cell line. This may be due to the presence of plumbagin, which is reported to be a potent anticancer drug [47] .
DNA binding studies
Nucleic acids show a strong absorbance in the region of 240-275 nm. It originates from the p ? p* transitions of the pyrimidine and purine ring systems of the nucleobases. The bases can be protonated, and therefore, the spectra of DNA and RNA are sensitive to pH. At neutral pH, the absorption maxima range from 253 nm (for guanosine) to 271 nm (for cytidine); as a consequence, polymeric DNA and RNA show a broad and strong absorbance near 260 nm.
Electronic spectroscopy is one of the useful techniques to study the binding of DNA with small molecules. Small molecules can react with DNA via covalent or non-covalent interactions. For non-covalent interactions, generally there are three modes for binding viz. electrostatic attractions with the anionic sugar-phosphate backbone of DNA, interactions with the DNA groove, and intercalation between base pairs through DNA groove [48] . The absorption spectra of CT-DNA with the increase in concentration of Ag and Au NPs are given in Figs. 14 and 15. The increase of absorption intensity (hyperchromism) at 258 nm (due to p ? p* transition of sugar phosphate in DNA) with increase in concentration of Ag and Au NPs indicates the interaction of the nanoparticles with DNA. In general, DNA exhibits both hyper and hypochromism in the electronic spectrum. Hypochromism suggests the interaction of small molecules with DNA through intercalation, and hyperchromism suggests that the interaction is through groove binding; moreover, hyperchromism is an indication of the breakage of secondary structure of DNA [49] . The values of the binding constant, K app are obtained from absorbance values as reported in the literature [50] . For weak binding affinities, the data are examined by linear reciprocal plots based on the following equation: (Fig. 14a) , and the binding constant (K app ) can be calculated from the ratio of intercept to slope. K app is found to be 7.03 9 10 7 and 1.15 9 10 7 for Ag and Au NPs using the above equation. The binding constant values are high when compared to normal intercalators [51] , which further support groove binding. The intensity of the SPR band also increased with the increase in concentration of Ag and Au NPs. Electronic spectra were also recorded for different concentration of CT-DNA at fixed concentration of Ag and Au NPs (Figs. S3 and S4) . No appreciable increase in absorbance was noticed with varying concentration of CT-DNA.
Conclusions
Bioreductive synthesis of Ag and Au NPs using a medicinally important plant Plumbago zeylanica, yielded spherical nanoparticles with average size of 28.47 and 16.89 nm, respectively. AgNPs have desirable antibacterial activity against Bacillus subtilis and Pseudomonas aeruginosa in comparison to plant extract and AuNPs. Ag and Au NPs 
